Abstract
Introduction
Immune checkpoint inhibitors have revolutionized the therapeutic landscape of advanced nonsmall cell lung cancer (NSCLC). Clinical trials have reported favourable responses using programmed cell death protein-1 (PD-1)/programmed cell death ligand-1 (PD-L1) blockade as monotherapy or in combination with chemotherapy. [1] [2] [3] [4] On the basis of these favourable results, the US Food and Drug Administration (FDA) and the European Medicines Agency (EMA) approved nivolumab and pembrolizumab as second-line therapies in advanced NSCLC. 5, 6 The FDA has also recently approved Tumour necrosis factor, interferon-gamma and interleukins as predictive markers of antiprogrammed cell-death protein-1 treatment in advanced non-small cell lung cancer: a pragmatic approach in clinical practice atezolizumab for the management of previously treated patients with advanced NSCLC. 7 Despite prolonged overall survival (OS) in advanced NSCLC, the benefit of immunotherapy is not universal. 8 Currently, PD-L1 is the only biomarker available in clinical practice to identify patients that would be eligible for anti-PD-1 inhibition. 9 Although several studies have addressed the prognostic role of PD-L1 expression in NSCLC, 10 the results remain controversial. 11 In a climate of global scrutiny for healthcare costs and potential for toxicities related to immunotherapy, appropriate patient selection is crucial for maximizing clinical benefit and cost effectiveness from this novel treatment. Therefore, identification of prognostic biomarkers for patient selection in pragmatic clinical settings would be of great value in optimizing and personalizing immunotherapy; their use would facilitate identification of patients most likely to benefit from nivolumab and pembrolizumab in terms of clinical response, progression-free survival (PFS) and OS.
In recent years, the role of interleukins (ILs), interferons (IFNs) and tumour necrosis factoralpha (TNF-α) has been extensively explored in immune regulation in tumour development, autoimmune diseases, allergy and asthma. IL involvement in lung cancer pathogenesis and progression has been thoroughly explored. 12 The aim of our study was to investigate whether a defined cytokine panel (IFN-γ, TNF-α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12) can play a prognostic or predictive role in NSCLC patients treated with anti-PD-1 inhibition, with the view to assess any potential correlation between their serum levels and response to treatment response/disease progression.
Materials and methods
This was a prospective study approved by the ethics committee of the G. Papanikolaou Hospital in Thessaloniki, Greece (registration number 93/17) and was conducted in accordance with Good Clinical Practice (GCP) guidelines. All patients provided written informed consent before inclusion in the study.
Patients and samples
We prospectively enrolled patients that met the following criteria: age ⩾18 years, histologically confirmed diagnosis of advanced or metastatic NSCLC, PD-L1 expression detected by immunohistochemistry, Eastern Cooperative Oncology Group performance status 0-1 (inclusive), adequate organ function and capacity to make an informed decision. All patients were negative for epidermal growth factor receptor (EGFR) mutation or anaplastic lymphoma kinase (ALK) translocation. Patients with a previous history of interstitial lung disease, systemic immunosuppressive therapy or active autoimmune disease were excluded.
Enrolled patients received either pembrolizumab as monotherapy (200 mg for chemotherapy-naïve patients, or 2 mg/kg for patients previously treated with chemotherapy every 3 weeks), or nivolumab administered intravenously at a dose of 3 mg/kg every 2 weeks. Agent choice was based on PD-L1 status and patients' previous treatment history (first-or second-line setting). Tumour PD-L1 expression was confirmed when staining of the tumour cell membrane (at any intensity) was observed at prespecified expression levels of 1% or higher and 50% or higher in a section that included at least 100 tumour cells that could be evaluated.
PD-L1 immunohistochemistry

Grading of toxicity
Toxic effects were graded with the use of the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0. Scheduled computed tomography or magnetic resonance imaging was performed every 9 weeks. Treatment continued until confirmed disease progression by investigator-assessed immunerelated response criteria, unacceptable toxicity, or withdrawal of consent. Although immune-related 
Cytokine testing in blood by flow cytometry
Peripheral blood samples were tested for immune response at the following time points: (a) before the initiation of anti-PD-1 inhibition treatment; (b) after 3 months of anti-PD-1 inhibition or when radiologically confirmed disease progression was reported.
The 3-month follow-up period was decided on the basis of the essential time required for the immune system to convert from innate to adaptive response. 15 Blood samples were collected from all patients before starting anti-PD-1 inhibitors and at 3 months after initiation of anti-PD-1 inhibitors or at radiologically confirmed disease progression. Serum samples were collected and processed using the same standardized protocol. Briefly, blood samples were left to coagulate at room temperature for 30 min, centrifuged at 3000 g for 20 min (4°C), and the supernatants were collected, made to aliquots, and stored in −80°C until assayed. Time interval between processing and freezing was no more than 2 h for each sample. None of the samples were thawed more than twice before analysis.
The following cytokines were measured in blood samples: IFN-γ, TNF-α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10 and IL-12. Serum levels of IFN-γ, TNF-α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10 and IL-12 were determined using a panel kit (AimPlex Biosciences, Pomona, USA) tested by flow cytometry analysis, using a BD FACS Calibur system (BD Biosciences, San Jose, CA, USA), according to the manufacturer's recommendations and instructions. Specifically, 45 µl of serum sample and 45 µl beads of the panel kit were mixed and then incubated for 1 h in room temperature. After incubation, 0.5 ml of wash buffer was added, and the samples were centrifuged for 5 min. Samples were incubated first with biotin-conjugated monoclonal antibody (30 min) and then subsequently incubated with streptavidin-conjugated monoclonal antibody (20 min). Finally, wash reading buffer was added in all samples.
Statistical analysis
The response duration was defined as the time from first documented evidence of response until progression, according to RECIST. PFS and OS were defined as the time from the first dose of pembrolizumab/nivolumab to progression, according to RECIST, or death (for PFS) or death alone (for OS with PD-L1 ⩾1% had a better response to treatment.
The most frequently reported treatment-related adverse events were low in severity and included fatigue (in 15% of patients) and hypothyroidism (in 8% of patients). Importantly, they did not lead to discontinuation of treatment or patients' withdrawal from the study.
Cytokines results and clinical outcome to anti-PD-1 inhibition
Levels of IFN-γ, TNF-α and ILs in the peripheral blood of patients were significantly associated with improved treatment response and survival at 3 months after initiation of anti-PD-1 inhibition (Table 2) . Cytokine measurements were performed in all patients enrolled in the study, irrespective of their response to treatment. Fluctuations in the value of each biomarker (difference in the first and second measurement) were strongly associated with patients' response and survival (Table 3) . Increased cytokine values have been associated with improved response and prolonged survival. Levels of IFN-γ, TNF-α ( Figure 1 ) and ILs ( Figure 2 ) before anti-PD-1 inhibition, after 3 months, and their difference are shown in Figures 1 and 2 in a more understandable way.
There was no correlation between IFN-γ, TNF-α, cytokine levels and PFS.
Moreover, statistical analysis revealed that PD-L1 expression correlated significantly with the difference in IFN-α levels, but not with the other cytokines (p = 0.03). Cytokine levels initially increased before the first administration of anti-PD-1 inhibition and then decreased 3 months later.
Discussion
In this study, we evaluated a small series of patients with a confirmed diagnosis of NSCLC that received anti PD-1 inhibitors nivolumab or pembrolizumab; our sample included patients that had already received first-line chemotherapy as well as chemo-naïve patients.
Most clinical trials measure a single immune system parameter in a single tissue compartment (mostly IFN-γ-secreting T cells in the peripheral blood) and this may insufficiently capture the immunological signature correlating with the development of an appropriate antitumour response. More data suggest that multiple functions of antigen-specific T cells, rather than T-cell numbers per se, correlate with clinical outcome. This has been described in studies of protective immune response to microbial infections in both mice and humans. Early studies supporting the existence of cancer immune editing revealed an important function for IFN-γ in suppressing tumour development in models of both tumour transplantation and primary tumour induction. 16 In our study, IFN-γ levels have been associated with response to anti-PD-1 inhibitors, supporting its potential in suppressing tumour development.
Overall, IFNs are potent immunomodulators that shape patients' immunity through direct actions on innate and adaptive lymphocytes, enhancement of natural killer cell cytotoxicity and augmentation of dendritic cell function, which are central to the initiation of adaptive immune responses that suppress tumour development. 17 Soluble TNF-α, along with other proinflammatory factors, recruits and activates neutrophils, macrophages and lymphocytes at the sites of damage and infection. 18 Certain ILs, including IL-4, IL-1β and IL-6 are involved in key mechanisms of tumourigenesis, reported to be a promising pathway towards cancer immunotherapy. 19 The majority of ILs are secreted by CD4+ T-helper lymphocytes, as well as by monocytes, macrophages and endothelial Cytokine concentrations seem to be correlated with PFS. Tran and colleagues reported increased IL-8 concentrations were correlated with shorter PFS in patients with renal cell carcinoma treated with pazopanib. 21 In our study, we found no correlation between cytokine levels and PFS, but this may be attributed to our small sample of patients. This is one of the limiting factors, as well as the fact that some of our patients have received firstline chemotherapy prior to anti-PD-1 inhibitors. The impact of conventional chemotherapy on cytokine levels on a background of second-line anti-PD-1 inhibition remains vague. Unfortunately, large phase III studies have been performed without taking this into account, as biomarkers have not been included in them. The recent negative trials on talactoferrin and anti-MUC-1 are examples of this lack of patient selection beforehand. [22] [23] [24] 
Conclusion
Immune-checkpoint inhibition clearly has changed the therapeutic approach in NSCLC. Although intratumoural PD-L1 expression appears to identify patients eligible for anti-PD-1 treatment, it is unclear whether it will translate into a stand-alone and clinically meaningful biomarker predictive of clinical response. Cytokine serum levels could provide prognostic information and constitute predictive markers of immunotherapy benefit in patients with advanced NSCLC. Further studies of the predictive effects of these markers in bigger populations are warranted. Overall, the optimal predictive biomarker used in everyday clinical practice should be easily applicable in busy clinical settings, cost effective and provide an accurate prediction of a patient's clinical response. New knowledge obtained from ongoing and future research will refine our approach for the meaningful clinical application of biomarker research.
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